This paper presents an indirect approach to investigate the possible existence of measurement error bias in the Harmonized Index of Consumer Prices for the UK and Italy. Our empirical results show that there is no significant evidence of a bias for the UK, nor for Italy prior to the introduction of the Euro. Since January 2002, however, the inflation rate in Italy has been underestimated by at least 6 percent.
Introduction
The inflationary consequences of the adoption of the Euro have arguably been one of the most debated issues in recent years, both in the academic literature and in the policy debate. There is widespread concern over the effect of the currency changeover on price inflation and its negative consequences for the purchasing in cash denomination has thus shifted industries with market power to a higherprice equilibrium. In other words, the possibility of permanent price increases in these industries associated with the introduction of the new currency has generated self-fulfilling inflationary expectations and therefore discontinuous price jumps totally unrelated to underlying market conditions or fundamentals (see Adriani, Marini and Scaramozzino, 2003 , for an interpretation along these lines).
However, the perception of generalized and permanent price increases triggered by the introduction of the Euro is not supported by the official statistics. jumps in sectoral prices due to allegedly speculative behaviour, whereas the UK has maintained its national currency and has not been affected by the changeover.
The difficulty of accurately measuring inflation in a dynamic economy may be a crucial reason for not adopting strict inflation targets by central banks (see, e.g., Greenspan, 2001) . Following the Boskin Report in the U.S. (see Boskin, Dulberger, Gordon, Griliches and Jorgenson, 1996) 1 , several studies dealing with the evaluation of mismeasurement in national consumer price indexes (CPIs) in European countries have been carried out (see, e.g., Oulton, 1995 , Cunningham, 1996 , Lequiller, 1997 , Hoffman, 1998 , Folktersma, 1998 , Blow and Crawford, 1999 , 2001 , and Covas and Silva, 2001 . All these studies lend support to the view that consumer price inflation statistics tend to overstate the true inflation rate, as argued by the Boskin Commission in 1996 for the U.S. CPI. This upward bias is assumed to reflect both the use of fixed expenditure weights in price indexes (which leads to the so-called substitution bias) and quality changes 2 . In particular, Cunningham (1996) estimates that the extent of the bias in the UK Retail Price Index (RPI) is between 0.35 and 0.8 percent a year. Crawford (1999, 2001 ), using non-parametric methods, estimate that the UK RPI was overstated by up to 3.2 percent over the period 1976-1997 relative to the true cost of living, due to the substitution bias.
In the present paper, we infer the overall inflation bias both for the UK and
Italy by using an indirect methodology first suggested by Nordhaus (1998) . We construct an estimate of the bias on the basis of whether changes in the deflated median income are consistent with survey data on households responses about net changes in their financial situation. Specifically, inflation is correctly measured if, on average, the median real income shows no change when an equal number of families report an improvement and a worsening in their financial condition.
Otherwise, there would be a measurement bias. Thus, if more households report a worsening in their financial situation rather than an improvement at a time when the deflated median household income does not change according to official statistics, one can infer that inflation has been underestimated.
An advantage of this methodology is that it is more robust with respect to the potential misperception of the inflation rate by households than direct surveys on average increases in consumption prices. Agents directly observe the evolution of their net financial balances at the end of each period and, therefore, are not 1 The report estimates that the U.S. CPI has an upward bias of 1.1 percentage points per annum. 2 See, e.g., Abraham, Greenlees and Moulton, 1998 , Deaton, 1998 , Diewert, 1998 , Pollak, 1998 , Abraham, 2003 , Hausman, 2003 , and Schultze, 2003 affected by the relative frequency of purchase that could distort their perception of the inflation rate 3
. Nordhaus (1998) , in his seminal paper, shows that the U.S. CPI permanently overstated inflation. According to the report of the Boskin Commission, this result can be accounted for both the presence of fixed expenditure weights in the index and quality changes including, for example, the appearance of new goods and improvements in the products and in the distribution networks.
Our results are in net contrast with previous findings. There is no statistically significant evidence of a bias in measuring inflation for the UK over the period 1996-2003. For Italy, prior the adoption of the Euro the bias is also not significantly different from zero. After the changeover, however, the rate of inflation has been significantly underestimated. Our findings thus provide empirical support to the view that official statistics failed to capture the upsurge of speculative behaviour, due to implicit coordination of price setters towards high price equilibria, made possible by money illusion and/or market imperfections (Fehr and Tyran, 2001 , 2004 , and Adriani, Marini and Scaramozzino, 2003 .
The structure of the paper is as follows. Section 2 provides a description of the indirect methodologies to estimate measurement errors in price indexes. In Section 3 we describe the data and the empirical specification adopted in the paper. The findings for the UK and Italy are reported in Sections 4 and 5 respectively. Section 6 summarizes the main conclusions.
3 The alleged gap between perceived and effective inflation is commonly attributed to the fact that consumers would attach greater weight to price changes in goods and services bought more frequently relative to the so-called "big ticket items", such as durable goods (see, for instance, ECB 2002).
Indirect approaches to inferring measurement errors in price indexes
The measurement bias in price indexes has recently been analysed employing indirect methodologies, following the original contribution by Nordhaus (1998) .
The basic idea is to try to capture the measurement bias by comparing the variation in the median income, deflated by the consumer price index, with the households' reported changes in their net financial situation. When the real median income of households increases in a given period of time, a majority of respondents should also report an improvement in their net financial situation. In general, there would be no bias in the measurement of inflation if, on average, the Consumer Price Index-deflated median income shows no change when an equal number of individuals report themselves to be better off or worse off. If the deflated income shows an increase, one could infer that the price index is affected by a negative bias and inflation is underestimated. By contrast, if the deflated real income experiences a decline, the inflation rate is overestimated. The econometric specification adopted by Nordhaus takes the following form: Using data from the University of Michigan Household Survey of consumer behaviour, Nordhaus (1998) estimates equation (1) to find that the US CPI has been affected by an upward bias of about 1.5 percentage points over the period . Such a result is qualitatively consistent with both the Boskin Commission's estimates and with other literature estimating the bias in inflation by direct measures (see, for instance, Cunningham, 1996 , Lequiller, 1997 , Hoffman, 1998 , Folktersma, 1998 , Blow and Crawford, 1999 , 2001 ). Krueger and Siskind (1998) investigate the issue of the measurement bias using an indirect approach which takes into account changes in the shape of the income distribution. Using data from the Panel Study of Income Dynamics they find that there is no bias in the US CPI over the sample 1968-1991.
In the present paper we extend the indirect approach of Nordhaus by allowing for inertia in the relationship between the net proportion of households that report an improvement in their financial welfare and changes in real median income. In particular, in our empirical analysis we use a dynamic Error Correction
Model, which enables us to deal with gradual adjustment in households responses (see Section 3.3).
Empirical analysis

UK data
We use the UK Government's preferred definition of median disposable income, where housing costs are deducted. This implies that an increase in housing costs would represent a decline in living standards, if the accommodation is unchanged (Goodman and Shephard, 2002) .
We utilize data for the households self assessed financial condition from the European Commission's monthly Harmonized Consumer Survey.
Specifically, the relevant question is the following:
How does the financial situation of your household changed over the last 12 months? (got a lot better; got a little better; stayed the same; got a little worse; got a lot worse; don't know).
Denote by BB, B, S, WW, W, D the percentage of respondents who choose
respectively "got a lot better", "got a little better", "stayed the same", "got a little worse", "got a lot worse" and "don't know" (with BB+B+S+WW+W+D=100).
The aggregate balance, NIFS, measures the difference (in percentage points of total answers) between the numbers of people reporting a net improvement in their financial situation and the numbers of people reporting a net worsening in their financial situation, and is calculated as (European Commission, 2003) :
Let RMed denote the change in the median income deflated by the HICP. The unit root tests in Table 1b are consistent with the hypothesis that RMed is I(0) over the period ending in December 2001. The AIC, the SBC and the HQC support a DF specification. The value of the test statistic for the DF without linear trend is 7.8816, which is less than the 95% critical value for the augmented Dickey-Fuller statistic ( 2.9069) thereby allowing us to reject the null hypothesis of a unit root.
Italian data
We use the measure of median disposable income reported monthly by the ISAE, which includes labour incomes, capital incomes (rents, interests) and transfers (pensions) (see Martelli, 2000) . Similar to the UK, we use data on the changes in the Italian households financial situation from the European Commission's monthly Harmonized Consumer Survey. 
Empirical specification
Our empirical specification of the relationship between the households' survey on financial conditions and changes in real median income is based on a version of the dynamic Error Correction Model (Sargan, 1964; Engle and Granger, 1987) .
The main advantages of this specification are that it allows for a richer dynamic analysis of the relationship between financial conditions and real median income, and that it is a satisfactory estimation procedure in the presence of cointegrated variables according to Granger's Representation Theorem.
Since NIFS is I(1) and RMed is I(0), we can regress NIFS on RMed. 
where u t is a stochastic disturbance. A non-linear long-run estimator of the bias in reported inflation, measured by HICP, is given by:
where 1 and 6 are the coefficients pertaining to the intercept term and to the change in HICP-deflated median income, respectively. A significantly positive value of ˆ would imply that the HICP underestimates the inflation rate and vice versa. If ˆ is not statistically significant, there is no systematic bias in the estimation of the inflation rate.
Inflation in the UK
The results of the estimation of the ECM equation (2) for the UK are reported in Table 3 . The estimated bias is negative over the pre-2001 period, but it is not statistically significant. There is no residual serial correlation nor heteroskedasticity. The residuals from the regression are I(0).
An important finding is that there is no significant evidence of a structural Table 4 reports the results of the estimation of equation (2) predict changes in the households' financial condition consistent with the pre-euro relationship. Our explanation for this structural break is that, after the currency changeover, the price index is no longer an unbiased estimate of the relevant inflation rate.
Inflation in Italy
In order to obtain an estimate of the likely extent of the bias in the price index, we follow an indirect procedure similar in spirit to Fieller's (1954) estimation of confidence intervals. We consider alternative values of the inflation bias and look at the smallest level of the bias for which there is no significant structural break before and after the introduction of the euro. (2004) . Therefore, our results seem to be robust also with respect to Krueger and Siskind's (1998) concerns about a time-variant shape of the income distribution.
Conclusions
This paper has investigated the possible existence of measurement bias in the Harmonized Consumer Price Index for the UK and Italy. Our main findings are as follows.
There is no evidence of a statistically significant bias for the UK over the (Godfrey, 1978a (Godfrey, , 1978b . 3. Test based on the regression of squared residuals on squared fitted values (Koenker, 1981) . 4. 95% critical value for the Dickey-Fuller statistic. * Statistically significant at 5%. ** Statistically significant at 1%. (Godfrey, 1978a (Godfrey, , 1978b . 3. Test based on the regression of squared residuals on squared fitted values (Koenker, 1981) . 4. 95% critical value of the Dickey-Fuller statistic. * Statistically significant at 5%. ** Statistically significant at 1%. Chow's (1960) second test of equality between sets of coefficients (F(6,144) 
